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Objective: To investigate the association between postoperative infection, bacterial translocation to the cervical lymph 
nodes and bacterial colonization on the tumor in  oral cancer patients. 
Methods: Twenty-one oral mucosal cancer patients (1 1 male and 10 females: mean age 68.6 years) were studied. They 
underwent tumor surgery and neck dissection with free flap reconstruction. Ampicillin 1 g was parenterally administered 
from the start of the surgery as prophylaxis. Isolates from cervical lymph nodes, tumor and postoperative infected 
wound were studied microbiologically and pathologically. 
Results: Bacterial translocation was found in 52 lymph nodes (52/107: 48.6%). Viable bacteria were isolated from 20 
tumors (95.2%). Oral microflora and enteric bacteria were isolated. Postoperative infection was found in four cases. In 
three cases, enteric bacteria (Klebsiella, Enferobacter, Enterococcos) isolated from postoperative infections were also 
found in the tumor or the lymph nodes. 
Conclusions: The operative field in oral cancer surgery was colonized by the indigenous flora and enteric bacteria. 
These were recovered not only from the tumor surface but also from the cervical lymph nodes. Preoperative surveillance 
culture or tumor culture have vatue in predicting the bacteriology of postoperative infection, and in selecting the 
appropriate antibiotic treatment. 
Key words: Oral cancer surgery, postoperative infection, bacterial translocation, tumor culture, cervical lymph nodes, 
antibiotic prophylaxis, oral flora, aerobic Gram-negative rods 
INTRODUCTION 
The passage of viable indigenous bacteria from the 
gastrointestinal tract to the regional lymph nodes and 
other organs was called ‘bacterial translocation’ by Berg 
and Garlington [l]. Such passage could be considered 
the initial step in the pathogenesis of many bacterial 
infections [2].  Disruption of the mechanical gut wall 
barrier, a compromised defense system of the host and 
altered ecology of the gut microflora are factors 
favoring bacterial translocation [3,4]. We recently 
found that many different viable bacteria can be 
recovered from the cervical lymph nodes in patients 
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with oral cancer, and is more prominent in the meta- 
static nodes than in the uninvolved nodes [5]. These 
findings suggested that the damaged oral mucosa in oral 
cancer patients might change, allowing bacteria into 
the regional lymph nodes. Such colonization might 
become a source of postoperative infection. 
In this study, 21 oral cancer patients were studied. 
They underwent major oral cancer surgery with radical 
neck dmection and free flap reconstruction. The 
association between bacterial colonization on the 
tumor, bacterial translocation to the cervical lymph 
nodes and subsequent postoperative infection was 
investigated microbiologically and pathologically. 
MATERIALS AND METHODS 
Patients 
Twenty-one oral mucosal cancer patients (1 1 males and 
10 females: mean age 68.6 years) were studied. They all 
had histologically verified squamous cell carcinoma 
diagnosed, and were treated at the Department of Oral 
Surgery, Tokai University School of Medicine. Written 
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informed consent was obtained from all the patients 
before surgery 
Surgical procedure 
The 21 patients underwent extensive clean-con- 
taminated oral cancer surgery (nine gingiva, nine 
tongue, three cheek mucosa). They underwent tumor 
surgery and neck dissection with free flap recon- 
struction. The same surgical team carried out all of the 
surgery. Ampicillin 1 g was administered parenterally as 
prophylaxis from the start of surgery, and an additional 
eight doses followed at intervals of 8 h. The freshly 
resected specimen was placed in a laminar airflow box 
during processing for cultivation to avoid microbial 
contamination. 
lymph node and tumor 
The cervical tissue was dissected and lymph nodes were 
harvested. The tumor tissue was harvested at the center 
of the surface. Each lymph node or tumor was washed 
three times in phosphate-buffered solution (PBS) and 
bisected; one half was used for histopathologic examina- 
tion and the other for microbiological cultivation. The 
presence of cancer metastasis in the lymph node was 
determined by hematoxylin-eosin stain. 
Postoperative infection 
The postoperative wound status was observed daily 
until the wound had healed. The emergence of 
purulent drainage, either spontaneously or after drain- 
age incision or needle aspiration, or myocutaneous 
fistula, was interpreted as a wound infection, according 
to Newman et al [6]. The samples from the infected 
wound were collected by needle aspiration or by direct 
inoculation, and then sent to the microbiological 
laboratory. 
Microbiological cultivation 
The tumor tissues and lymph nodes were weighed and 
cut into small pieces before being homogenized and 
suspended in PBS. Ten-fold dilutions of the sample 
were made and incubated aerobically, in CO2 and 
anaerobically. The aerobic agar plates were incubated 
for 24 h at 37°C and the anaerobic agar plates for 
at  least 48 h at 37OC in an anaerobic jar (BBL Gas 
pack, Beckton Dickinson, Cockeysville, MD, USA). 
The bacterial strains were identified according to the 
American Society for Microbiology Clinical Labora- 
tory Manual (1996) [7]. 
RESULTS 
lymph node 
In total, 107 lymph nodes from 21 patients were 
harvested for microbial cultivation. Bacterial trans- 
location was found in 53 lymph nodes (48.6%), and was 
more prominent in the metastatic nodes (14/30: 70.0%) 
than in the uninvolved nodes (38/87: 43.7%) (Table 1). 
The isolated microorganisms are shown in Tables 2 and 
3. Oral streptococci, as well as the aerobic enteric 
bacteria Enterococcus, Eschericliia and Klebsiella, were 
found in the lymph nodes. 
Tumor 
Viable bacteria were isolated in 20 patients (95.2%): 
oral streptococci, Streptococcus intermedius, Streptococcus 
constellatus, Streptococcus anginorus, the aerobic Gram- 
negative Klebsiella pneumoniae and Eschericliia coli, and 
anaerobes (Tables 3 and 3). 
Postoperative infection 
There were four cases of postoperative infections 
(19.0%). These are presented in Table 4. In case 1, K. 
pneumoriiae was isolated from the tumor and lymph 
Table 1 Tumor localization and number of lymph nodes with bacterial growth in 21 patients with oral cancer 
AU nodes Involved nodes Uninvolved nodes 
Number of 
Tumor patients Total Bacterial growth Total Bacterial growth Total Bacterial growth 
Gingiva 9 47 24 5 4 42 20 
Tongue 9 49 23 14 9 35 14 
Cheek mucosa 3 11 5 1 1 10 4 
(51.1%) (80.0%) (47.4%) 
(46.9%) (64.3%) (40.0%) 
(45.494 (1 00%) (40.0%) 
Total 21 107 52 20 14 87 38 
(48.6%) (70. O%)a (43.7%)a 
~~~~~ ~ ~ ~ 
Involved nodes are lymph nodes w t h  metastatic carcinoma, uninvolved nodes are lymph nodes without carcinoma Bacterial growth waq 
more often found in involved nodes than in umnvolved nodes (p=0 03 x2 test), "Significant dlfference 
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Table 2 Aerobic microorganisms isolated from tumor and cervical lymph nodes in 21 oral cancer patients 
Submanhbular Deep cervical 
Aerobic bacteria Tumor (n= 2 1) lymph node (n=21) lymph node (n=21) 
Oral streptococci 
Streptococcus intermedius 
Streptocorms mitis 
Streptococcus constellatus 
Streptococcus anginorus 
Streptococcus oralis 
Streptococcus sanguis 
Streptocorrus salioarius 
Streptococcus bovis 
Strpptororcus adominimus 
Alpha-hemolytic streptococci 
Staphylococcus aureus 
Staphylococcus epidermidis 
Enterococcus faecalis 
Enterobacter aerogenes 
Corynebacterium sp. 
Enterococcus sp. 
Capnocytophaga sp. 
Escherichia coli 
Klebsiella pneumoniae 
Klebsiella sp. 
Corynebacterium sp. 
13 (61.9%) 
8 (38.0) 
5 (23.8) 
5 (23.8) 
1 (4.8) 
0 
0 
6 (28.6) 
1 (4.8) 
4 (19.0) 
0 
1 (4.8) 
1 (4.8) 
3 (14.3) 
2 (9.5) 
2 (9.5) 
2 (9.5) 
2 (9.5) 
2 (9.5) 
2 (9.5) 
1 (4.8) 
6 (28.6%) 
3 (14.3) 
3 (14.3) 
3 (14.3) 
5 (23.8) 
1 (4.8) 
0 
0 
4 (19.0) 
0 
5 (23.8) 
0 
1 (4.8) 
0 
0 
0 
1 (4.8) 
0 
1 (4.8) 
2 (9.5) 
2 (9.5) 
3 (14.3%) 
4 (19.0) 
1 (4.8) 
6 (28.6) 
6 (28.6) 
2 (9.5) 
2 (9.5) 
1 (4.8) 
1 (4.8) 
8 (38.0) 
1 (4.8) 
5 (23.8) 
1 (4.8) 
0 
3 (14.3) 
0 
1 (4.8) 
0 
0 
0 
3 
Aerobic Gram-negative rods 1 0 0 
Eikenella corrodens 2 (9.5) 0 0 
Haemophilus injuenzae 1 (4.8) 0 0 
Haemophilus sp. 1 (4.8) 0 0 
Candida albicans 2 (9.5) 0 0 
Neisseria sp. 5 (23.8) 4 (19.0) 4 (19.0) 
Parentheses indicate the incidence of bacterial growth (%). 
Table 3 Anaerobic microorganisms isolated from the tumor and cervical lymph nodes in 21 oral cancer patients 
Submandibular Deep cervical 
Anaerobic bacteria Tumor lymph node lymph node 
Peptostreptococcus sp. 3 (14.3) 4 (19.0) 3 (14.3) 
Peptostreptococcus micros 1 (4.8) 0 1 (4.8) 
Propionibacterium awes 0 1 (4.8) 1 (4.8) 
Gemella morbillorum 6 (28.6) 7 (33.3) 6 (28.6) 
Fusobacterium nucleatum 2 (9.5) 1 (4.8) 3 (14.3) 
Prmtella melaninogenica 0 1 (4.8) 1 (4.8) 
Fusobacterium necrophorum 1 (4.8) 1 (4.8) 0 
Bijdobactmium sp. 2 (9.5) 0 0 
T.'eillonella sp. 2 (9.5) 2 (9.5) 0 
Erysipelothrix rhusiopathiae 0 1 (4.8) 0 
Anaerobic Gram-negative rods 1 (4.8) 0 0 
Parentheses indtcate the incidence of bacterial growth (%). 
node, and K. pneurnoniae and methicillin-resistant Other isolates from the infected wounds were 
Staphylococcus aureus from the infection wound. In case Haemophilus injuenzae, methicillin-resistant Staphylo- 
2, Enterobacter aerogenes was found in both the coccus aureus, and Candida albicans. In case 4, only 
postoperative infected wound and cervical lymph node. methicillin-resistant Staphylococcus aureus was isolated 
In case 3, Enterococcus faecalis was isolated from the from the infected wound. 
tumor, cervical lymph node and infected wound. 
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Table 4 Microorganisms isolated from primary oral tumor, cervical lymph nodes and postoperative wound infection 
Case Tumor Tumor culture Lymph node culture Postoperative infection 
1 Tongue Streptococcus oralis Streptococcus oralis Klebsiella pneumoniae 
(T4N1) Strepiococcus sutivarius Gemelfa morbillorum Stapkyiococcus aureus (MRSA) 
Klebsiella pneumoniae Klebsiella pneumoniae 
Gemella morbillorum Preuotella melaninogenica 
2 Cheek mucosa Streptococcus mitis 
(T4N1) Streptococcus intermedius 
Streptococcus anginosus 
Neisseria sp. 
Capnocytophaga sp. 
3 Gingiva 
(T4N2) 
Streptococcus oralis 
Enterococcus faecalis 
Eikenella conodens 
Staphylococcus epidermidis 
Streptococcus intermedius 
Streptococcus constellatus 
Streptococcus oralis 
Streptococcus uberis 
Enterobacter aerogenes 
Bijdobacterium sp. 
Streptococcus oralis 
Enterococcus faecalis 
Eikenella conodens 
Escherichia coli 
Enterobacter aerogenes 
Staphylococcus aurens (MRSA) 
Enterococcus sp. 
Haemophilus intuenzae 
Staphylococcus aureus (MRSA) 
Candrda albicans 
Staphylococcus aureus (MRSA) 4 Gingiva 
(T4NO) 
Streptococcus sanguis No growth 
Streptococcus intermedius 
Streptococcus anginosus 
Streptococcus mitis 
Gemella morbillorum 
Fuso6acterium sp. 
Peptostreptococcus sp. 
Breakpoint of MRSA (methicillin-resistant Staphylococcus aurens) was determined by oxacillin activity (MIC 3 8  mg/L). 
DISCUSSION 
The results demonstrate that bacterial translocation 
from the oral cavity to the cervical lymph nodes occurs 
frequently in patients with oral cancer. Bacterial 
translocation was found more often in the metastatic 
than in the uninvolved nodes, as we have previously 
reported [5]. The disrupted mechanical barrier of the 
mucosal surface may permit unexpected bacterial 
colonization, which may then serve as a possible source 
of bacterial translocation to the regional lymph nodes 
as well as to the general circulation via blood or the 
thoracic duct lymph. These findings suggest that the 
possible risk of bacterial contamination related to 
surgical procedures is not only from the primary tumor 
surgery but also in the neck dissection that has been 
considered to be sterile. 
It is rational to believe that the bacteria primarily 
responsible for the development of postoperative 
infection originate from the oral flora [6]. Accordingly, 
we used ampicillin as antibiotic prophylaxis in this 
study. Since ampicillin worked effectively to prevent 
postoperative infection in 81% of the patients, the use 
of ampicillin should be appropriate. However, four 
cases of postoperative infection (19%) were caused by 
ampicillin-resistant strains. In three cases, isolates from 
the postoperative infection seemed to be related to the 
bacteria which had already colonized the surface of the 
tumor or lymph nodes before surgery. In particular, the 
aerobic Gram-negative rods (Klebsiella and Enterobacter) 
and Enterococcus were isolated from the postoperative 
infection as well as from the tumor or the lymph nodes. 
The role of Gram-negative aerobic bacilli in post- 
operative infections in head and neck cancer surgery 
has been questioned, although the need for antibiotic 
coverage against the aerobic Gram-negative bacdi has 
been discussed in the literature [%lo]. We believe, 
since the postoperative wound is kept sterile, that 
bacteria isolated from the postoperative wound could 
be considered pathogenic. Bacterial cultures taken pre- 
operatively or during the surgery were not recom- 
mended by Becker et a1 [ll]. However, we suggest that 
preoperative tumor culture is still valuable in predicting 
the bacteriology of a possible postoperative infection. 
If ampicihn-resistant bacteria are found in the pre- 
operative tumor culture, additional antibiotics should 
be considered. 
We isolated methicdin-resistant Staphylococcus 
aureus from all patients with postoperative wounds. 
Since methicillin-resistant Staphylococcus aureus was not 
recovered fi-om tumor or lymph node cultures, it must 
be mainly acquired from nosocomial infection after 
surgery. While ampicillin is active against the 
indigenous flora of the oral cavity, it may induce 
n.  
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colonization by new ampicillin-resistant strains from 
the environment. We understand that the main aim of 
antibiotic prophylaxis for head and neck cancer surgery 
is to prevent the bacterial contamination acquired 
during the surgery. Methicillin-resistant Staphylococcus 
aureus or other nosocomial pathogens will not be 
included in the target microorganisms for prophylaxis. 
In this study, the limited size of the excised tumor 
tissues and antibiotic administration suggest the possibi- 
lity of underestimating the diversity and total numbers 
of the bacteria isolated from the samples, Since the 
importance of anaerobic bacteria in oral surgery has 
been reported in the literature, further study will be 
needed to clarify the bacteriology of head and neck 
cancer surgery, especially for anaerobes [12]. 
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